5-Fluorouracil and 5-fluorodeoxyuridine monophosphate levels were estimated in 75 isolates of Candida albicans to determine whether 5-fluorocytosine susceptibility could be ideally correlated with the intrafungal formation of both 5-fluorodeoxyuridine monophosphate and 5-fluorouridine triphosphate or a reciprocal formation of the two metabolites to prove the mechanism of 5-fluorocytosine activity. Using the results of four in vitro susceptibility tests, we separated isolates of C. albicans into susceptibility groups. For most strains, there was a positive correlation between the degree of 5-fluorocytosine susceptibility and the inhibition of biosynthesis of both RNA and DNA, incorporation of 5-fluorouracil into RNA, inhibition of ribosomal protein synthesis, and levels of 5-fluorodeoxyuridine monophosphate. However, in some strains with a similar degree of 5-fluorocytosine resistance, either reduced incorporation of 5-fluorouracil or reduced 5-fluorodeoxyuridine monophosphate levels occurred, suggesting that these two mechanisms are not necessarily linked to each other and that both may be responsible for 5-fluorocytosine activity.
5-Fluorouracil and 5-fluorodeoxyuridine monophosphate levels were estimated in 75 isolates of Candida albicans to determine whether 5-fluorocytosine susceptibility could be ideally correlated with the intrafungal formation of both 5-fluorodeoxyuridine monophosphate and 5-fluorouridine triphosphate or a reciprocal formation of the two metabolites to prove the mechanism of 5-fluorocytosine activity. Using the results of four in vitro susceptibility tests, we separated isolates of C. albicans into susceptibility groups. For most strains, there was a positive correlation between the degree of 5-fluorocytosine susceptibility and the inhibition of biosynthesis of both RNA and DNA, incorporation of 5-fluorouracil into RNA, inhibition of ribosomal protein synthesis, and levels of 5-fluorodeoxyuridine monophosphate. However, in some strains with a similar degree of 5-fluorocytosine resistance, either reduced incorporation of 5-fluorouracil or reduced 5-fluorodeoxyuridine monophosphate levels occurred, suggesting that these two mechanisms are not necessarily linked to each other and that both may be responsible for 5-fluorocytosine activity.
The mechanism of action of the antifungal drug 5-fluorocytosine (5-FC) has been investigated in yeasts (7, 8, 12) , aspergilli (12) , and dematiaceous fungi (17) . It has been suggested that the activity of 5-FC after uptake by the fungi and intracellular deamination is a consequence of intrafungal formation of two metabolites, 5- fluorodeoxyuridine monophosphate (FdUMP) and 5-fluorouridine triphosphate (FURTP) (11, 15) .
FdUMP is a potent inhibitor of thymidylate synthetase (5) , causing an impairment of DNA synthesis in bacteria and tumor cells. Furthermore, in one 5-FC-susceptible strain of Candida albicans, in the presence of 5-FC, FdUMP was formed, followed by a decrease in the thymidylate synthetase activity (2) . Moreover, the addition of 5-FC to both hyphal and yeast phases of C. albicans cultures resulted in an immediate inhibition in the increase of DNA (12) .
FURTP is incorporated into fungal RNA in place of uridylic acid (11, 15) , which alters amino acylation of tRNA in vitro (4) and is believed to cause unbalanced internal pool and disturbed synthesis of proteins and carbohydrates (6, 13, 14) . There is a statistical correlation between incorporation of the fluorinated metabolite into RNA and the antifungal activity of 5-FC, although there are considerable individual variations in incorporation in mutants with similar 5-FC susceptibility (1, 7, 10) .
Whether these two suggested mechanisms of 5-FC activity (FdUMP and FURTP) are linked or independent of each other is still unknown. The formation of FdUMP and decreased thymidylate activity may explain the antifungal 5-FC activity, the incorporation of FURTP in RNA being only incidental, or the converse. The purpose of this study was to determine on which of these mechanisms the activity of 5-FC is based. (2) .
The acetic acid homogenates of C. albicans were centrifuged at 100,000 x g for 30 min. In the precipitate, DNA was measured by using diphenylamine reagent (18 (9) .
A standard curve of FdUMP in a concentration range of 5 ng to 50 ,ug/ml is shown in Fig. 1 Fig. 2 . A 100-pug/ml concentration of 5-FC caused an immediate inhibition in the exponential cell growth rate as well as RNA and DNA synthesis in the highly 5-FC-susceptible (group 1) isolates (Fig. 2a) . Their inhibition remained throughout the 24-h incubation period. The resistant (group 3) isolates had only minimal reduction in cell growth and RNA and DNA synthesis in the first 8 h of incubation as compared with untreated controls. After 24 h of incubation, values for most isolates had reached control levels (Fig. 2b) . All strains in groups 1 (n = 15) and 3 (n = 12) followed the same pattern, whereas in group 2 (n = 48), important differences from the majority were observed. Twenty-nine partially resistant (group 2) strains followed an intermediary pattern between the group 1 and 3 strains (not shown in the figure) with a high standard deviation. However, two distinct patterns of RNA and DNA synthesis occurred among the remaining 19 isolates within this group. In both subgroups, the reduction in RNA and DNA synthesis in treated cultures approximated the reduced level of cell growth in the first 8 h of incubation. However, in 10 strains, the DNA (Fig. 2c) approached control levels at 24 h, and the cell number and the RNA levels were approximately one-third those of the controls. In another nine strains (Fig. 2d) , the RNA approached control levels, whereas the DNA and the cell number were only one-third those of the controls.
Uptake and distribution of 5-FC. In the highly susceptible strains (group 1), the average incorporation of 5-FC-derived 5-FU into RNA was 81.1 ,ug/mg of RNA during log-phase growth Interestingly, the subgroup of isolates that had the unusually high RNA synthesis pattern (Fig.  2d) had a low 5-FU incorporation average (17 ,ug/mg of RNA) at 48 h of incubation, whereas the subgroup that had normal RNA synthesis but increased DNA synthesis (Fig. 2c) had average incorporation values for group 2 strains (27.1 ,ug/mg of RNA at 48 h).
Cytosine deaminase deficiency was never found in the 60 isolates with 5-FC resistance or partial resistance (groups 2 and 3). Statistically, there was no difference in 5-FU incorporation in RNA between serotype A and B isolates within each susceptibility group.
Effect of 5-FC on synthesis of 80S ribosomes. Table 2 lists the average percent inhibition of newly synthesized ribosomal proteins in the random sample of 23 isolates examined. In the three strains of group 1, the average inhibition was 72%. The 15 moderately resistant strains in group 2 had inhibition of ribosomal proteins of 50%o, whereas in the 5 resistant group 3 isolates, there was no inhibition of ribosomal protein synthesis. The synthesis of ribosomal protein measured in 80S ribosomes correlated well both with the amount of 5-FU incorporated into the RNA and with the inhibition of RNA synthesis.
Thymidylate synthetase activity and estimation of FdUMP. The presence of thymidylate synthetase activity was demonstrated in all isolates of C. albicans tested. Preincubation of the samples with FdUMP inhibited the activity of the enzyme.
The average FdUMP values of the yeast cell homogenates obtained at 5 and 24 h for the three groups are given in Table 3 . The subgroup of isolates that had the unusually high DNA synthesis pattern (Fig. 2c) In six isolates, no FdUMP was measurable; unexpectedly, only two of these isolates were in the resistant group 3. The remaining four isolates were in group 2 (see Table 4 ).
Characteristics of isolates with abnormal patterns. In the highly 5-FC-susceptible group (group 1), all but one strain followed a homogenous pattern (Table 4) . This strain had a significantly lower FdUMP concentration but was not distinguishable by any other parameters from the other susceptible strains. In the partially resistant group (group 2), 11 strains exhibited patterns different from the average in the corresponding group. In three strains showing high susceptibility to 5-FC after 24 and 48 h, the amount of 5-FU incorporated into RNA was significantly above average. Conversely, in nine strains showing various degrees of partial resistance and correspondingly low 5-FU incorporation at 24 h, unusually high FdUMP levels were found. From the totally resistant strains (group 3), one strain exhibited a high 5-FU incorporation, and four strains exhibited high levels of FdUMP. DISCUSSION The growth inhibition of fungi by antifungal drugs is due to inhibition or impairment of several vital functions. The sequence of these events, however, is not fully understood.
In the case of 5-FC, the antifungal action is believed to be a consequence of intrafungal formation of FURTP and FdUMP, with FURTP being incorporated into RNA and FdUMP inhibiting the DNA synthesis. Whether the two path- ways are necessarily linked to each other or only one is important, the other being only incidental, is not clear.
In the present paper, an attempt was made to clarify the importance of these pathways by measuring the 5-FU incorporation into RNA as a criterion for the first and by measuring the FdUMP levels as a criterion for the second mechanism.
In the majority of the tested strains (75%), a statistically significant positive correlation was found between the degree of 5-FC susceptibility and the incorporation of 5-FU into the RNA. Additionally, DNA and RNA synthesis and the ribosomal protein synthesis correlated well with ANTIMICROB. AGENTS CHEMOTHER.
both the degree of 5-FU incorporation and the susceptibility of the strains. The correlation between levels of FdUMP and the degree of antifungal activity existed but was less pronounced, and the variation among individuals was more marked. These results suggest that in most strains, both mechanisms are simultaneously active and contribute to the effect of 5-FC in vitro. Whether both pathways are equally important or one of them is decisive and the other only incidental remains unclear.
In 19 strains of group 2 ( Fig. 2c and d) , the inhibition of nucleic acid biosynthesis did not correlate with the inhibition of growth by 5-FC; the RNA approached control levels after 24 h, whereas the DNA and cell multiplication were inhibited. In these strains, the 5-FU incorporation into RNA was decreased. However, in other strains, the DNA approached control levels after 24 h, and the cell multiplication and RNA remained inhibited. In these strains, the FdUMP level was, surprisingly, not decreased in comparison with the average.
However, in 17 of the 75 strains examined (23%), either the 5-FU incorporation value or the FdUMP levels were inconsistent with the 5-FC susceptibility. In seven strains (9%o), the 5-FC susceptibility or resistance in vitro was reflected by a high or low 5-FU incorporation, respectively, whereas the FdUMP levels were always low or absent, irrespective of whether the strain was susceptible or resistant. These results suggest that the incorporation of the Conversely, in seven strains (9%), the FdUMP levels correlated with the activity of 5-FC during the first 24 h, whereas the incorporation of 5-FU into RNA was low. In these strains, the FdUMP formation appeared to be responsible for the activity of the drug, at least during the first 24 h, and 5-FU incorporation appeared to be involved in the later (48 to 72 h) development of resistance.
The results suggest that in the majority of strains, both mechanisms of 5-FC activity were involved. The existence of resistant strains with high levels of either 5-FU or FdUMP indicate that in some strains, only one of the possible mechanisms of 5-FC activity may be of significance.
Thymidylate synthetase assay. The FdUMP level in C. albicans homogenates may be higher than the value estimated. In the assay of thymidylate synthetase, only free FdUMP within the cell was detectable, because the FdUMP which is irreversibly bound to the C. albicans enzyme would not be expected to dissociate. Although the range of measurable FdUMP concentrations was small, the values measured in our susceptible strains were similar to the concentration found for a susceptible strain of C. albicans (2) and were consistent with the concentration of FdUMP which was needed to block the endogenous thymidylate synthetase activity, as reported by Diasio et al. (2) . The assay used to measure FdUMP in no way implies that the concentration of FdUMP that we measured is that which is needed to block thymidylate synthetase in intact cells-and therefore to have a sufficient impact on DNA synthesis-to explain the cessation of growth. However, because a small range of FdUMP concentrations was needed to block a highly specific activity of thymidylate synthetase, the small differences in FdUMP concentrations measured in susceptible and resistant mutants may be sufficient to decrease the thymidylate synthetase activity in the intact cell.
